1 H NMR and 13 C NMR were recorded on a JEOL JNM-ECP500 spectrometer in CDCl 3 with tetramethylsilane as an internal standard. Data are 
, entry 3). To a solution of ethylmagnesium bromide (4.00 g, 30 mmol) in THF (5 ml) was added dropwise a solution of ethynylbenzene (2.04 g, 20 mmol) in THF (10 ml) over a period of 30 min at 10 °C and then the mixture was stirred at room temperature until the evolution of ethane gas subsided. The mixture was cooled to 10 °C, and a solution of trimethylsilyl chloride (3.26 g, 30 mmol) in THF (5 ml) was added dropwise over a period of 10 min. The mixture was poured into 2 N HCl aq. (15 ml), and an organic layer was separated. The aqueous layer was extracted with ether (2 x 10 ml), and the combined organic layers were washed with water (2 x 15 ml) and brine (15 ml), dried over MgSO 4 , and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane, R f 0.35) to give alkyne 9 (3.24 g, 18.6 mmol) in 93% yield. Colorless oil; R f # Supplementary Material (ESI) 2 (140.4 mg, 0.2 mmol), PPh 3 (104.9 mg, 0.4 mmol), CuI (76.2 mg, 0.4 mmol) and Et 2 NH (20 ml) was stirred at room temperature for 30 h. The reaction mixture was concentrated in vacuo, and the residue was purified by column chromatography on silica-gel (eluent; hexane/AcOEt = 20/1, R f 0.17) to give alkyne 13 (2.03 g, 10 mmol) in 100% yield. White solid; mp 90-95 °C (hexane/AcOEt = 10/1); 1 H NMR (CDCl 3 ) δ 7.36-7.41 (m, 3H), 7.51-7.57 (m, 2H), 7.62 (dd, J = 8.6 Hz, J = 17 Hz, 5H); 13 C NMR (CDCl 3 ) δ 87. 7, 93.8, 111.4, 118.5, 122.2, 128.2, 128.5, 129.1, 131.8, 132.0, 132.1, 132.6, 133.4; IR (KBr) 3, 88.0, 89.3, 114.0, 115.4, 123.6, 127.9, 128.3, 133.0, 159.6; IR (KBr) (i) To a cold (-78 °C) solution of furan (1.0 g, 15 mmol) in ether (10 ml) was added dropwise n BuLi (1.6 M in hexane 12.5 ml, 20 mmol) over a period of 15 min, and the mixture was stirred for 30 min at -78 °C, for 1 h at 0 °C and for 1.5 h at room temperature. After the mixture was # Supplementary Material (ESI) for Chemical Communications # This journal is © The Royal Society of Chemistry 2005 -4 -cooled to -78 °C, I 2 (5.1 g, 20 mmol) in ether (20 ml) was added dropwise over a period of 30 min, and then the mixture was allowed to warm to room temperature and stirred for 24 h. The mixture was added saturated Na 2 SO 3 aq. (20 ml), and an organic layer was separated. The aqueous layer was extracted with ether (3 x 15 ml), and the combined organic layers were washed with brine (2 x 20 ml), dried over MgSO 4 , and evaporated. The residue was purified by column chromatography on silica-gel (eluent; hexane, R f 0.47) to give 17a (2.39 g, 12. 3 mmol) in 82% yield.
(ii) A mixture of PdCl 2 (PPh 3 ) 2 (211 mg, 0.3 mmol), PPh 3 (157 mg, 0.6 mmol), 17a (2.39 g, 12 mmol), ethynyl benzene (1.53 g, 15 mmol) and CuI (114 mg, 0.6 mmol) in triethylamine (30 ml) was stirred at room temperature for 72 h. The reaction mixture was filtered and concentrated in vacuo. To the residue was added ether (20 ml) and water (10 ml), the whole was shaken vigorously, and an organic layer was separated. The aqueous layer was extracted with ether (2 x 15 ml), and the combined organic layers were washed with water (2 x 10 ml) and the brine (15 ml), dried over MgSO 4 , and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane), and distilled by bulb-to-bulb distillation (1.2 mmHg, 120 °C) to give alkyne 17 (1.13 g, 6.69 mmol) 4, 93.2, 111.0, 115.2, 122.3, 128.4, 128.7, 131.4, 132.5, 137.1, 143.6 over a period of 15 min, and the mixture was stirred at room temperature for 8 h. The reaction mixture was poured into saturated NaHCO 3 aq. (10 ml), and an organic layer was separated.
The aqueous layer was extracted with ether (3 x 10 ml), and the combined organic layers were dried over MgSO 4 and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane/AcOEt=20/1) to give 19a (2.63 g, 17.1 mmol) in 85% yield. (iii) A mixture of p-toluenesulfonic acid (25.9 mg, 0.14 mmol), 19b (1.57 g, 6.8 mmol) and CH 3 OH (15 ml) was stirred at 60 °C for 4 d. The reaction mixture was poured into saturated NaHCO 3 aq. (10 ml), and concentrated in vacuo. The mixture was poured into Et 2 O (20 ml) and the organic layer was separated. The aqueous layer was extracted with ether (3 x 10 ml), and the combined organic layers were dried over MgSO 4 and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane/AcOEt = 4/1, R f 0.12) to give 19c (878.3 mg, 6.0 mmol) in 88% yield.
(iv) To a suspension of NaH (480 mg, 12 mmol) in THF (6 ml) was added dropwise a solution of 19c (878.3 mg, 6.0 mmol) in THF (3 ml) at 0 °C over a period of 15 min, and then the mixture was stirred at room temperature until the evolution of hydrogen gas subsided. The mixture was cooled to 0 °C, and a solution of benzylbromide (2.052 g, 12 mmol) in THF (3 ml) was added dropwise over a period of 10 min. The mixture was allowed to warm to room temperature and stirred for 12 h. Water (5 ml) was added slowly at 0 °C, and an organic layer was separated. The aqueous layer was extracted with ether (3 x 10 ml), and the combined organic layers were washed with water (3 x 10 ml) and brine (15 ml), dried over 8, 68.4, 73.0, 81.5, 86.7, 123.6, 127.7, 128.2, 128.4, 131.6, 138.1; IR (neat) 16.3, 28.9, 68.8, 73.0, 80.8, 89.6, 123.9, 127.5, 127.6, 128.2, 128.4, 131.5, 138.5; IR (neat) (i) To a cold (0 °C) solution of 4-pentyn-1-ol (1.68 gm 20 mmol) and p-toluenesulfonic acid (114 mg, 0.6 mmol) in ether (30 ml) was added dropwise 3,4-dihydro-2H-pyran (3.37 g, 40 mmol) over a period of 10 min, and the mixture was allowed to warm to room temperature and stirred for 12 h. The reaction mixture was poured into saturated NaHCO 3 aq. (10 ml), and an organic layer was separated. The aqueous layer was extracted with ether (3 x 10 ml), and the combined organic layers were dried over MgSO 4 and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane/AcOEt = 20/1) to give 25a (3.09 g, 18.4 mmol) in 92% yield.
(ii) A mixture of PdCl 2 (PPh 3 ) 2 (280.1 mg, 0.4 mmol), PPh 3 (209.8 mg, 0.8 mmol), CuI (152.3 mg, 0.8 mmol), 25a (3.365 g, 20 mmol) and Et 2 NH (40 ml) was stirred at room temperature for 1 h and 70 °C for 48 h. Thereaction mixture was concentrated in vacuo, and the residue was purified by column chromatography on silica-gel (eluent; hexane/AcOEt = 20/1) to give 25b (4.41 g, 18.0 mmol) in 90% yield.
(iii) A solution of p-toluenesulfonic acid (460 mg, 2.4 mmol) and 25b (2.96 g, 12.1 mmol) in methanol (30 ml) was stirred at 70 °C for 4 d. The reaction mixture was added saturated NaHCO 3 aq. (10 ml), and an organic layer was separated. The aqueous layer was extracted with ether (2 x 10 ml), and the combined organic layers were concentrated in vacuo. The residue was purified by column chromatography on silica-gel (hexane/AcOEt = 4/1, R f 0.12) to Paraformaldehyde (8.00 g, 233 mmol) was added portionwise to the mixture over a period of 15 min at 10 °C, and the mixture was stirred at 70 °C for 14 h. 2N HCl aqueous (150 ml) was added the mixture, and an organic layer was separated. The aqueous layer was extracted with ether (3 x 60 ml), and the combined organic layers were washed with saturated NaHCO 3 aq. (3 x 30 ml) and brine (30 ml), dried over MgSO 4 and concentrated in vacuo. The residue was purified by distillation under reduced pressure (bp. 116 °C/4.8 mmHg) to give 29a (23.0 g, 174 mmol) in 87% yield.
(ii) To a cold (-40 °C) solution of 29a (13.2 g, 100 mmol) and pyridine (0.5 ml, 6.0 mmol) in # Supplementary Material (ESI) for Chemical Communications # This journal is © The Royal Society of Chemistry 2005 -8 -ether (30 ml) was added dropwise PBr 3 (4.3 ml, 45 mmol) over a period of 15 min, and the mixture was stirred for 30 min. The mixture was allowed to warm to -20 °C, and stirred for 1 h, 1h at 0 °C and 1 h at room temperature. Brine (50 ml) was added slowly at 0 °C, and an organic layer was separated. The aqueous layer was extracted with ether (3 x 20 ml), and the combined organic layers were washed with water (2 x 20 ml), saturated NaHCO 3 aq. (2 x 20 ml) and brine (2 x 20 ml), dried over MgSO 4 , and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane, R f 0.20) to give 29b (17.9 g, 91.8 mmol) in 92% yield.
(iii) To a mixture of K 2 CO 3 (1.38 g, 10 mmol) and 29b (975.3 mg, 5 mmol) in CH 3 CN (10 ml) was added morpholine (522.7 mg, 6 mmol) slowly, and the mixture was stirred at room temperature for 12 h. The reaction mixture was filtered and concentrated in vacuo. The residue was diluted with ether (20 ml), water (10 ml) was added, and an organic layer was separated. The aqueous layer was extracted with ether (2 x 10 ml), and the combined organic layers were washed with water (2 x 15 ml) and brine (15 ml), dried over MgSO 4 , and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane/AcOEt = 2/1, R f 0.12) to give alkyne 29 (599.1 mg, 2.98 mmol) in 60% yield. (1.22 g, 7. 6 mmol) in CH 2 Cl 2 (15 ml) was added portionwise PPh 3 (2.36 g, 9 mmol) over a period of 15 min, and the mixture was stirred at room temperature for 12 h. The reaction mixture was poured into saturated NaHCO 3 aq. (30 ml), and an organic layer was separated. The aqueous layer was extracted
-9 -with CH 2 Cl 2 (3 x 20 ml), and combined organic layers were washed with brine (2 x 10 ml), dried over MgSO 4 and concentrated in vacuo. The residue was purified by column chromatography on silica-gel (eluent; hexane/AcOEt = 100/1) to give 31a (1.65 g, 7.37 mmol) in 97% yield.
(ii) A solution of 31a (1.09 g, 4.9 mmol) and phthalimide (1.11 g, 6 mmol) in DMF (10 ml) was stirred at room temperature for 24 h. To the reaction mixture was added ether (50 ml) and water (10 ml), and the organic layer was separated. The aqueous layer was extracted with ether (3 x 20 ml), and the combined organic layers were washed with water (2 x 10 ml) and brine (15 ml), dried over MgSO 4 , and concentrated in vacuo. Washing of the solid residue with hexane gave alkyne 31 (1.01 g, 3.49 mmol) in spectroscopically pure form in 71% yield. 
Typical Procedure for Cyclohydrocarbonylation of Alkynes with Formaldehyde in Aqueous Media; condition A:
In a 10-ml screw-capped vial were placed [RhCl(cod)] 2 (6.16 mg, 0.0125 mmol), dppp (10.31 mg 0.025 mmol), TPPTS (14.21 mg, 0.025 mmol) and water (0.5 ml), and the mixture was stirred at room temperature for 15 min and turned out to a light yellow suspension. After SDS (144.2 mg, 0.5 mmol), formalin (0.06 ml, 0.75 mmol), Alkyne (0.25 mmol) and water (1.44 ml) were added, the mixture was degassed, charged with N 2 , and stirred at 100 °C for 15 h. Ether (10 ml) was added to the reaction mixture, and the biphasic mixture was stirred for 15 min. The separated aqueous layer was extracted with ether (3 x 10 ml), and the combined organic layers were dried over MgSO 4 , and concentrated in vacuo. The residue was purified by column chromatography to give butenolide 2.
Typical Procedure for Cyclocarbonylation of Alkynes with Paraformaldehyde in
Xylene; condition B: In a 10-ml screw-capped vial were placed [RhCl(cod)] 2 (6.16 mg, 0.0125 mmol), dppp (10.31 mg, 0.025 mmol) and xylene (0.5 ml), and the mixture was stirred
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-10 -at room temperature for 15 min and turned out to a light yellow suspension. After paraformaldehyde (37.54 mg, 1.25 mmol), alkyne (0.25 mmol) and xylene (1.5 ml) were added the mixture was degassed, charged with N 2 , and stirred at 100 °C for 24 h. The reaction mixture was concentrated in vacuo. The residue was purified by column chromatography on silica-gel to give butenolide 2. (Table 1 , entry 2). In a 10-ml screw-capped vial equipped with 1 L of gas bag were placed [RhCl(cod)] 2 (6.16 mg, 0.0125 mmol), dppp (10.31 mg, 0.025 mmol) and xylene (0.5 ml), and the mixture was stirred at room temperature for 15 min and turned out to a light yellow suspension. After alkyne 1 (0.25 mmol) and xylene (1.5 ml) was added the mixture was degassed, charged with 1 atm of carbon monoxide and stirred at 100 °C for 24 h. The reaction mixture was concentrated in vacuo. The residue was purified by column chromatography on silica-gel to give recovered alkyne 1 in 84% yield. (Table 1 , entry 4). In a 10-ml screw-capped vial equipped with 1 L of gas bag were placed [RhCl(cod)] 2 (6.16 mg, 0.0125 mmol), dppp (10.31 mg 0.025 mmol), TPPTS (14.21 mg, 0.025 mmol) and water (0.5 ml), and the mixture was stirred at room temperature for 15 min and turned out to a light yellow suspension. After SDS (144.2 mg, 0.5 mmol), alkyne 1 (0.25 mmol) and water (1.44 ml) were added, the mixture was degassed, charged with 1 atm of synthesis gas and stirred at 100 °C for 24 h. Ether (10 ml) was added to the reaction mixture, and the biphasic mixture was stirred for 15 min. The separated aqueous layer was extracted with ether (3 x 10 ml), and the combined organic layers were dried over MgSO 4 , and concentrated in vacuo. The residue was purified by column chromatography on silica-gel to give butenolide 2 and recovered alkyne 1 in 6% yield and 68% yield. 4, 125.9, 127.3, 128.5, 128.6, 128.8, 129.1, 130.0, 130.5, 130.6, 156.1, 173.3; IR (KBr) Butenolide 12 (Table 2 , entry 4). GC analysis of the crude reaction mixture showed that a mixture of major-12 and minor-12 were produced in a ratio of 66/34. Both isomers can be separated easily by column chromatography on silica-gel (eluent; hexane/AcOEt = 2/1).
Procedure for Cyclocarbonylation of Alkynes with Carbon Monoxide

Procedure for Cyclocarbonylation of Alkynes with Synthesis Gas
Spectral data of both major-12 and minor-12 were accorded with those in the previous report. (s, 2H), 7.36-7.50 (m, 5H); 13 C NMR (CDCl 3 ) δ 13.4, 72.4, 126.7, 128.4, 128.5, 128.8, 129.8, 157.6, 173.3; IR (neat) (Table 2 , entry 5). GC analysis of the crude reaction mixture showed that a mixture of major-14 and minor-14 were produced in a ratio of 96/4. Both isomers can be separated easily by column chromatography on silica-gel (eluent; hexane/AcOEt = 2/1).
Spectral data of both major-14 and minor-14 were accorded with those in the previous report. 55.4, 70.6, 91.8, 114.1, 114.4, 122.3, 127.4, 128.7, 129.0, 129.1, 129.3, 130.4, 130.6, 135 (14), 210 (15), 209 (82), 194 (14), 178 (18), 166 (11), 165 (32), 135 (32), 133 (14) ; exact mass calcd for 266.0943, found 266.0949; (minor-16): 266 (100), 238 (13), 210 (16), 209 (83), 194 (14), 178 (17), 166 (10), 165 (29), 161 (20), 133 (26) 6, 112.4, 113.9, 122.4, 128.5, 129.0, 129.1, 130.1, 144.9, 145.0, 146.2, 173.3; IR (KBr) 2, 111.5, 112.8, 119.4, 127.9, 128.6, 130.4, 131.2, 143.0, 145.5, 152.6, 171.5 7, 27.5, 29.6, 69.3, 71.1, 73.0, 126.7, 127.6, 127.7, 128.4, 128.5 (two overlapping signals), 128.9, 129.9, 138.3, 161.8, 173.5; IR (neat) 2, 27.4, 32.2, 61.9, 71.1, 126.7, 128.5, 128.5, 128.8, 129.9, 161.9, 173.6; IR (neat) 1, 32.3, 62.3, 70.7, 127.1, 127.4, 129.2, 130.2, 131.3, 155.6 
